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DESCRIPTION 

SEAL STRUCTURE OF A FUEL CHANNEL AND FUEL INJECTION VALVE 
INCLUDING THE SEAL STRUCTURE 

Technical Field 

The present invention relates to the seal structure of 
a fuel channel and a fuel injection valve including the seal 
structure . 

Background Art 

Fig. 5 is a view for explaining the configuration of a 
prior-art fuel injection valve. The fuel injection valve 1 
is employed in order to inject and supply high-pressure fuel 
accumulated in a common rail 12, into the cylinder of a diesel 
internal combustion engine not shown. Fuel F in a fuel tank 
10 is pressurized by a fuel pump 11, and the pressurized fuel 
is accumulated as the high-pressure fuel in the common rail 
12. The fuel injection valve 1 includes an injector housing 
2, a nozzle body 3, a nozzle needle 4, a valve piston 5, a valve 
body 6, a back-pressure control portion 7 and a connecting rod 
8. The nozzle body 3 is attached to the tip portion of the 
injector housing 2 by a nozzle nut 9, and the connecting rod 
8 is attached to the upper portion of the injector housing. 

A fuel channel 13 which extends from the connecting rod 
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8 to the nozzle body 3 through the injector housing 2 is formed, 
and a fuel-accumulating chamber 14 is formed in opposition to 
the pressure-receiving portion 4A of the nozzle needle 4. 
Further, the injector housing 2 is formed with a fuel 
return -flow passage 15 which is branched from the fuel channel 
13 near the connecting rod 8 and which communicates with a fuel 
low-pressure portion through the back-pressure control 
portion 7. 

The nozzle body 3 is so configured that the tip portion 
of the nozzle needle 4 is seated on a seat portion 17 joined 
to injection ports 16 , whereby the injection ports 16 are closed, 
and that the nozzle needle 4 is lifted from the seat portion 
17, whereby the injection ports 16 are opened. Thus, the 
injection start and stop of the fuel are permitted. A nozzle 
spring 18 for urging the nozzle needle 4 in the direction of 
seating this nozzle needle on the seat portion 17 is disposed 
over the nozzle needle 4, and the valve piston 5 is slidably 
inserted in the slide hole 2A of the injector housing 2 and 
the slide hole 6A of the valve body 6 . 

Fig. 6 is an enlarged sectional view of the essential 
portions of the valve body 6 and the back-pressure control 
portion 7 . The valve body 6 is formed with a control pressure 
chamber 19, and the tip portion of the valve piston 5 is 
confronted to the control pressure chamber 19 from the lower 
side thereof. The control pressure chamber 19 communicates 
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with an introduction side orifice 20 which is formed in the 
valve body 6. The introduction side orifice 20 is held in 
communication with the fuel channel 13 through a 
pressure-introducing chamber 21 which is formed between the 
valve body 6 and the injector housing 2, and it is so configured 
that an introduction pressure from the common rail 12 is 
supplied into the control pressure chamber 19, 

A seal member 2 2 which is made of a resin material, rubber 
material or copper material or any other soft material is 
disposed at the lower end part of the pressure- introducing 
chamber 21, and it cuts off the pressure-introducing chamber 
21 which acts as a high pressure side and that gap 28 between 
the injector housing 2 and the valve body 6 which acts as a 
fuel low-pressure side. The control pressure chamber 19 
communicates also with an opening-and-closing orifice 23, and 
the opening-and-closing orifice 23 is openable and closable 
by the valve ball 24 of the back-pressure control portion 7. 
Incidentally, the pressure-receiving area of the top portion 
5A of the valve piston 5 in the control pressure chamber 19 
is made larger than the pressure-receiving area of the 
pressure-receiving portion 4A (Fig. 5) of the nozzle needle 
4. 

As shown in Fig. 5, the back-pressure control portion 
7 includes a magnet 25 , an armature 27 , the valve ball 24 unitary 
with the armature 27, and the control pressure chamber 19. A 



3 



drive signal is fed to the magnet 25, whereby the magnet 25 
attracts the armature 27 against the urging force of a valve 
spring 26 and lifts the valve ball 24 from the 
opening-and-closing orifice 23 , so that the pressure of the 
control pressure chamber 19 is permitted to be released onto 
the side of the fuel return-flow passage 15. Accordingly, the 
pressure of the control pressure chamber 19 can be controlled 
by operating the valve ball 24 as stated above, and the seating 
of the nozzle needle 4 onto the seat portion 17 and the lift 
thereof from the seat portion 17 can be controlled by 
controlling the back pressure of the nozzle needle 4 through 
the valve piston 5. 

In the fuel injection valve 1, the high-pressure fuel 
from the common rail 12 acts on the pressure-receiving portion 
4A of the nozzle needle 4 within the fuel-accumulating chamber 
14 by flowing through the fuel channel 13 from the connecting 
rod 8 , and it acts also on the top portion 5A of the valve piston 
5 within the control pressure chamber 19 by flowing through 
the pressure-introducing chamber 21 as well as the 
introduction side orifice 20. Accordingly, when the control 
pressure chamber 19 is cut off from the fuel low-pressure side 
by the valve ball 24, the nozzle needle 4 receives the back 
pressure of the control pressure chamber 19 through the valve 
piston 5 and is seated on the seat portion 17 of the nozzle 
body 3 conjointly with the urging force of the nozzle spring 
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18, thereby to close the injection ports 16. 

When the armature 27 is attracted by feeding the drive 
signal to the magnet 2 5 at a predetermined timing, and the valve 
ball 24 releases the opening-and-closing orifice 23, the high 
pressure of the control pressure chamber 19 flows back into 
the fuel tank 10 by passing through the fuel return-flow passage 
15 via the opening-and-closing orifice 23. As a result, the 
high pressure having acted on the top portion 5A of the valve 
piston 5 in the control pressure chamber 19 is released, and 
the nozzle needle 4 is lifted from the seat portion 17 against 
the urging force of the nozzle spring 18 by the high pressure 
acting on the pressure-receiving portion 4A # so that the 
injection ports 16 are opened to inject the fuel. 

When the valve ball 24 closes the opening-and-closing 
orifice 23 by deenergizing the magnet 25, the pressure within 
the control pressure chamber 19 seats the nozzle needle 4 onto 
the seat position thereof (the seat portion 17) through the 
valve piston 5, so that the injection ports 16 are closed to 
end the fuel injection. 

Since the pressure-introducing chamber 21 is located at 
an entrance portion to the control pressure chamber 19 which 
controls a fuel injection amount and an injection pressure from 
the injection ports 16, the fuel pressure in the 
pressure-introducing chamber 21 is equivalent to the injection 
pressure, and a high pressure equivalent to the injection 
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pressure acts on the seal member 22. 

As shown in Fig . 6 , a clearance which allows the axial 
slide of the valve piston 5 performing a unitary motion with 
the nozzle needle 4 is required between the valve piston 5 and 
the valve body 6 . When a structure in which the valve body 
6 is press-inserted into the injector housing 2 is adopted, 
the valve body 6 is slightly deformed inward and is apprehended 
to hamper the slide of the valve piston 5, and hence, the gap 
28 is provided as a slight clearance also between the injector 
housing 2 and the valve body 6. 

Since the seal structure of the prior-art fuel injection 
valve is as stated above, the seal member is pushed and deformed 
toward the gap (low-pressure portion) between the injector 
housing and the valve body by the high pressure in the 
pressure-introducing chamber, and its seal function might 
degrade . 

In order to avoid this problem, a configuration wherein 
a metallic backup ring is disposed on the low-pressure side 
(gap side) of the seal member, thereby to prevent the seal 
member from being pushed out onto the low-pressure side, is 
disclosed in JP-A-2003-28021 . According to the conventional 
configuration, however, there is the tendency that a pressure 
acts between the backup ring and the seal ring on account of 
the collapse or the like of the pressure-relief channel of the 
backup ring due to a high-pressure load, to incur a drawback 
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in which the seal ring floats. When such floatation of the 
seal ring occurs, the seal performance of this seal ring might 
degrade . 

An object of the present invention is to provide the seal 
structure of a fuel channel as can solve the above problems 
in the prior art, and a fuel injection valve which includes 
the seal structure. 

Another object of the invention is to provide the seal 
structure of a fuel channel as can enhance a seal function in 
the pressure-introducing chamber of a fuel injection valve, 
and the fuel injection valve which includes the seal structure. 

Another object of the invention is to provide the seal 
structure of a fuel channel as can achieve enhancement in the 
durability or lifetime of a seal member, and a fuel injection 
valve which includes the seal structure. 

Another object of the invention is to provide the seal 
structure of a fuel channel as does not require a component 
precision excessively and as is inexpensively fabricable, and 
a fuel injection valve which includes the seal structure. 

Another object of the invention is to provide the seal 
structure of a fuel channel as can stabilize a seal function, 
and a fuel injection valve which includes the seal structure. 

Disclosure of the Invention 

The present invention consists in disposing a backup ring 
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which serves to prevent an annular seal from being pushed out 
onto a low-pressure side from a gap that is formed between an 
injector housing and a valve body, when the annular seal member 
is pushed down (onto the low-pressure side) by high-pressure 
fuel, and in providing pawls or the like holding mechanism in 
the backup ring, so as to prevent the floatation of the annular 
seal by the holding mechanism. 

A characterizing feature of the invention lies in a seal 
structure of a fuel channel, including an annular seal member 
which effects sealing in order that high-pressure fuel within 
a pressure -introducing chamber may not escape onto a 
low-pressure side through a gap that is defined between an 
injector housing and a valve body having a valve piston slidably 
inserted therein, and which is disposed in the 
pressure-introducing chamber; wherein a backup ring having a 
rigidity is arranged between the gap and the seal member, and 
the backup ring is provided with a holding mechanism for holding 
the seal member. 

The backup ring should preferably be made of a rigid 
material such as iron, and no pressure-relief structure should 
preferably be provided in the backup ring in order to prevent 
the push-out of the seal member. In order to enhance a 
sealability relative to the valve body, the valve body and the 
backup ring should preferably be combined by pres s- insertion . 

The holding mechanism can also be formed as one or more 
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pawls which is/are formed unitarily with the backup ring, so 
as to prevent the floatation of the seal member by the pawl 
or pawls. In this configuration, the pawl or pawls of the 
backup ring is/are held in an open state before assemblage, 
whereby the location of the seal ring is facilitated, and the 
pawl or pawls is/are deformed and structurally grasps/grasp 
the seal member at the press - insertion , whereby an assembling 
property can be made favorable. 

Another characterizing feature of the invention lies in 
a fuel injection valve including an annular seal member which 
effects sealing in order that high-pressure fuel within a 
pressure-introducing chamber may not escape onto a 
low-pressure side through a gap that is defined between an 
injector housing and a valve body having a valve piston slidably 
inserted therein, and which is disposed in the 
pressure-introducing chamber; comprising a seal structure in 
which a backup ring having a rigidity is arranged between the 
gap and the seal member , and in which the backup ring is provided 
with a holding mechanism for holding the seal member. 

According to the present invention, the push-out of a 
seal member into a gap can be prevented by a backup ring, and 
also the floatation of the seal member can be hindered. Any 
alteration is not imposed on the shape of the injector body, 
and any alteration is not imposed on an assembling procedure, 
so that a cost is hardly raised. 
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Brief Description of the Drawings 

Fig. 1 is an enlarged sectional view of the essential 
portions of an embodiment of the present invention. 

Fig. 2 is an enlarged view of a seal structure portion 
in Fig. 1. 

Fig. 3 is an enlarged perspective view of a backup ring 
in Fig. 1. 

Fig. 4 is a view for explaining an example of an 
assemblage method for the seal structure shown in Fig. 1. 

Fig. 5 is a sectional view of a prior-art fuel injection 

valve . 

Fig. 6 is an enlarged sectional view of essential 
portions showing a valve body and a back-pressure control 
portion in Fig. 5, on enlarged scale. 

Best Mode for Carrying Out the Invention 

In order to explain the present invention in more detail, 
the invention will be described in conjunction with the 
accompanying drawings . 

Fig. 1 is an enlarged sectional view of essential 
portions showing the embodiment of a fuel injection valve which 
includes the seal structure of a fuel channel according to the 
invention, while Fig. 2 is an enlarged view of a seal structure 
portion in Fig. 1. Portions other than the essential portions 
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shown in Fig. 1 are the same as in the configuration of the 
conventional fuel injection valve shown in Fig. 5. 
Accordingly, in Figs, 1 and 2, portions corresponding to the 
respective portions in Figs. 5 and 6 are assigned the same 
numerals and signs, and the detailed description thereof shall 
be omitted. 

Referring to Figs. 1 and 2, a seal structure 30 is 
disposed in a pressure-introducing chamber 21 defining an 
annular space, in order to hinder high-pressure fuel within 
the pressure- introducing chamber 21 from escaping into a gap 
28. The seal structure 30 is configured including an annular 
seal member 31 which is made of a resin material, rubber 
material or any other soft material, and which serves to cut 
off (seal) the pressure-introducing chamber 21 acting as a 
high-pressure side, from the gap 28 between an injector housing 
2 and a valve body 6 as acts as a fuel low-pressure side, and 
a backup ring 32 which serves to prevent the seal member 31 
from being pushed out into the gap 28 by the high-pressure fuel 
within the pressure- introducing chamber 21. 

As shown in Fig. 3 , the backup ring 32 is an annular member 
configured including a seat portion 32A on which the seal member 
31 is seated, and inner peripheral wall portions 32B which are 
unitarily erected at the inner peripheral end edge of the seat 
portion 32A. The backup ring 32 should preferably be made of 
a rigid material such as iron, and it should preferably be 
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provided with no pressure-relief structure in order to prevent 
the seal member 31 from being pushed out. In this embodiment, 
the material of the backup ring 32 is iron, and no 
pressure-relief structure is provided. 

The seal member 31 is arranged on the seat portion 32A 
in such a manner that its inner peripheral surface 31A lies 
in touch with the pressure-receiving surfaces 32Ba of the inner 
peripheral wall portions 32B. Besides, in order to prevent 
the seal member 31 from floating within the 
pressure- introducing chamber 21, the backup ring 32 is 
provided with a holding mechanism. This embodiment is so 
configured that four pawls 33 are provided at intervals of 90° 
at the inner peripheral end edge of the seat portion 32A, and 
that the seal member 31 can be firmly held on the backup ring 
32 by these pawls 33. 

Therefore, the inner peripheral wall portions 32B are 
disposed in a manner to be divided in four, and the respective 
pawls 33 are formed between the adjacent ones of the four inner 
peripheral wall portions 32B in a manner to unitarily extend 
from the seat portion 32A (refer to Fig. 3). The section of 
Fig. 2 is taken just at the part of the pawl 33, and a hook 
portion 33A at the distal end of the pawl 33 extends onto the 
upper end surface 3 IB of the seal member 31, thereby to afford 
the configuration in which the seal member 31 can be reliably 
prevented from undergoing the floatation within the 
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pressure-introducing chamber 21. Besides, since the backup 
ring 32 is arranged between the seal member 31 and the gap 28, 
the seal member 31 is not pushed out into the gap 28 even when 
the high-pressure fuel acts on the seal member 31. 

In order to facilitate assembling the seal structure 30 
within the pressure-introducing chamber 21 into the state 
shown in Figs. 1 and 2, a configuration as shown in Fig. 4 is 
possible. In a state where the pawls 33 formed unitarily with 
the backup ring 32 are inclined inward a predetermined angle 
0, and where the seal member 31 is placed on the seat portion 
32A, the backup ring 32 is assembled onto the side of the 
injector housing 2. Subsequently, the injector housing 2 is 
mounted in such a way that the injector housing 2 is put on 
the valve body 6 in the direction of arrow Z, and that the 
injector housing 2 is fitted onto the valve body 6 by 
press-insertion. Thus, the pawls 33 are pushed and deformed 
toward the seal member 31 by the inclined surface 6X of the 
valve body 6, and the seal structure 30 is caused to arrive 
at a predetermined position P, whereby the hook portions 33A 
at the distal ends of the pawls 33 are brought into hooked 
engagement with the upper end surface 3 IB of the seal member 
31. 

Since the seal structure 30 is configured as described 
above, the push-out of the seal member 31 being a high-pressure 
seal, into the gap 28 can be effectively prevented by the backup 
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ring 32, and simultaneously, the floatation of the seal member 
31 can be reliably prevented by the pawls 33, 

Further, in the prior-art seal structure configured by 
employing the backup ring, merely the backup ring may be altered, 
so that the betterment of the seal structure can be attained 
without imposing any alteration on the shape of the injector 
body, etc, , and no influence is exerted on an injection 
performance. Moreover, since the number of components is not 
altered, any alteration is not incurred in an assembling 
procedure, and the pawls 33 of the backup ring 32 structurally 
grasps the seal ring at the press -insertion of the valve body, 
so that an assembling property is slightly influenced. In this 
manner, the points of alterations to the existing structure 
are small in number, and the invention therefore has the 
advantage that a cost involved in the alterations may be low. 

Industrial Applicability 

As described above, the seal structure of a fuel channel 
according to the invention can improve the reliability of a 
structure for preventing the fuel of the high-pressure portion 
of a fuel injection valve from escaping onto the side of a fuel 
low-pressure portion, and it serves for improvement in the fuel 
injection valve, etc. 
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